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Title of the Invention 

Semiconductor element mounting method 

Claims 

(Claim 1) In a semiconductor element mounting method with which 
semiconductor elements having bumps are bonded to the substrate on which 
a wiring pattern is formed via a thermosetting anisotropic conductive 
film, the semiconductor element mounting method is characterized by the 
fact that the mounting method has a tacking process wherein plural 
semiconductor elements are tacked onto the prescribed position of the 
substrate via the anisotropic conductive film, and a bonding process 
wherein bumps of the aforementioned semiconductor elements and the 
wiring pattern of the substrate are electrically connected by 
collectively pressing (against the aforementioned substrate) and heating 
the aforementioned plural semiconductor elements. 

Detailed Explanation of the Invention 

(Industrial Field of Application) 

This invention relates to a semiconductor element mounting method 
with which semiconductor elements are bonded by a flip chip method. 

(Prior Art) 

In recent years, the number of devices using plural semiconductor 
elements (ICs, LSIs, and the like) such as in liquid crystal modules, 
thermosensitive printing heads, and memory cards has been increasing. 
Furthermore, in these devices, it is necessary that plural semiconductor 
elements be thinly mounted on a substrate at high density. 
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As a semiconductor element mounting method which, satisfies such a 
condition, there is a flip chip method wherein an electrode of the 
semiconductor element and a wiring pattern on the substrate are directly- 
connected using an anisotropic conductive film. 

This flip chip method is explained by referring to Figure 2. In 
plural electrode pads (2...) which are set on the element forming face 

(la) of the semiconductor element (1) , a bump (3) (a metal projection or 
projected electrode) is formed. Furthermore, this semiconductor element 

(1) is held on the pressing face (4a) of the bonding head (4) in a 
manner such that the element forming face (la) faces downward so that 
this semiconductor element (1) faces the element loading face (5a) of 
the substrate (5) . On this element loading face (5a) , a wiring pattern 

(6) which is to be bonded with the aforementioned bump (3) is formed. 

An anisotropic conductive film (7) is pasted on this wiring pattern 

(6) in advance. This anisotropic conductive film is a film form 
thermosetting adhesive in which fine conductive particles (8...) are 
uniformly dispersed. 

After the bump (3) of the aforementioned semiconductor element (l) 
is aligned with the wiring pattern (6) on the aforementioned substrate 

(5) , this semiconductor element (1) is heated by the aforementioned 
bonding head (4) and is pressed against the wiring pattern (6) of the 
aforementioned substrate (5) via the aforementioned anisotropic 
conductive film (7) . 

Since there are step differences in the part where the bump (3) of 
the aforementioned semiconductor element (1) is formed, plural 
conductive particles (8...) are mutually closely and electrically 
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connected in the part which is squeezed by the wiring pattern (6) and 
the bump (3) among the aforementioned anisotropic film (7) . At the other 
part, plural conductive particles (8...) are not mutually contacted; 
thus, it is in an electrically insulated state. In this manner, only the 
bump (3) of the semiconductor element (1) and the wiring pattern (6) are 
electrically connected. 

(Problems that the Invention is to Solve) 

In the conventional flip chip mounting method, even when plural 
semiconductor elements (1...) are to be mounted on one piece of 
substrate (5) , the aforementioned anisotropic film (7) has to be 
individually hardened for each individual semiconductor element (1) . 

However, in general, it requires at least 30 seconds for pressing 
and heating in order to harden the anisotropic conductive film (7) . 
Thus, when several dozens of semiconductor elements (1...) are to be 
mounted on one substrate (5) , the throughput cannot be increased. 

This invention intends to mitigate such problems, and to propose a 
semiconductor element mounting method with which the throughput can be 
increased when many semiconductor elements are to be mounted on a 
substrate in high density. 
(Means of Solving the Problems) 

In a semiconductor element mounting method with which semiconductor 
elements having bumps are bonded to the substrate on which a wiring 
pattern is formed via a thermosetting anisotropic conductive film, the 
semiconductor element mounting method is characterized by the fact that 
the mounting method has a tacking process wherein plural semiconductor 
elements are tacked onto the prescribed position of the substrate via 
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the anisotropic conductive film, and a bonding process wherein bumps of 
the aforementioned semiconductor elements and the wiring pattern of the 
substrate are electrically connected by collectively pressing (against 
the aforementioned substrate) and heating the aforementioned plural 
semiconductor elements . 
(Operation) 

According to this constitution, after plural semiconductor elements 
are tacked onto the substrate via an anisotropic conductive film, the 
anisotropic conductive film is hardened by collectively heating and 
pressing these plural semiconductor elements. In this way, plural 
semiconductor elements can be collectively mounted on the substrate. 
(Working Examples) 

In what follows, a working example of this invention is explained 
by referring to Figure 1. The same symbols are used for the constituting 
parts which are similar to the corresponding parts in the conventional 
example, and explanation is omitted. 

The bonding device to which this invented mounting method is 
adopted has a tacking stage (10) wherein tacking processing is performed 
and a bonding stage (11) wherein bonding processing is performed. 

In Figure 1, (12) is a substrate conveying device. This substrate 
conveying device (12) has a table (13) whose upper surface is the 
mounting face. A substrate (5) is held on the mounting face of this 
table (13) in such a manner that the element loading face (5a) is facing 
upward. The substrate conveying device (12) moves the substrate (5) in 
the XY directions for positioning in the tacking stage (10) and the 
bonding stage (11) , and conveys this substrate (5) from the tacking 
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stage (10) to the bonding stage (11) . 

Many wiring patterns (6), which are to be connected to the bump (3) 
of the aforementioned semiconductor element (1) (see Figure 2) , are 
formed on the element loading face (5a) of the substrate (5) which is to 
be mounted on the table (13) . The anisotropic conductive film (7) is 
pasted on these wiring patterns (6) in advance. 

The element supply device (14) is installed above the 
aforementioned tacking stage (10) . This element supply device (14) has 
a supply table (16) which positioning-drives the tray (15) in which 
plural semiconductor elements (1...) are stored, and a pickup nozzle 
(17) which takes the aforementioned semiconductor elements (1) out of 
the tray (15) and supplies them to the predetermined position A. 

The pickup nozzle is set in a freely rotatable manner in the 
horizontal direction with the base end part (17a) at the center. By 
rotationally driving the pickup nozzle after the semiconductor element 
(1) is vacuum- sucked onto the tip part (17b) , this semiconductor element 
(1) is conveyed to the predetermined position A to which the suction 
nozzle (23) which is to be explained later is to be positioned. 

Plural semiconductor elements (1) stored in the tray (15) are 
loaded in such a manner that the element forming face in which the bump 
(3) is formed is facing upward, and in this condition, it is suction- 
held by the aforementioned pickup nozzle and is supplied to position A. 

A flipping device (19) which flips the semiconductor element (1) to 
allow the element forming face to face downward is installed below the 
aforementioned position A. This flipping device (19) has an arm form 
rotator (20) . This rotator (20) is axially supported at the mid-part in 
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the transverse direction by a horizontal axis (21) , and is rotationally 
driven step-wise (for 180 degrees in each step) so that it is vertical 
in the transverse direction. (In Figure 1, this is shown by arrow sign 
(a) .) 

Furthermore, a pair of suction nozzles (23, 23), which are freely 
protrudable in the transverse direction of the rotator (20) , are 
installed at both ends (in the transverse direction) of the 
aforementioned rotator (20) . In other words, these suction nozzles (23, 
23) are installed in a point -symmetric manner with respect to the 
aforementioned horizontal axis (21) . When one suction nozzle (23) is 
positioned at the upper part to face the aforementioned position A, the 
other suction nozzle (23) is positioned at the lower part to face the 
substrate (5) . 

As the semiconductor element (1) (in the state in which its element 
forming face is facing upward) is passed on to one suction nozzle (23) 
at position A from the aforementioned pickup nozzle (17) , the 
aforementioned flipping device (19) is rotated step-wise for 180 degrees 
as indicated by arrow sign (a) , and the semiconductor element (1) is 
flipped so that its element forming face is facing downward. In this 
way, the element forming face of the semiconductor element (1) is made 
to face the substrate (5) . 

After the semiconductor element (1) is positioned in the state in 
which its element forming face faces downward, the aforementioned 
substrate (5) is moved in the XY directions so that the bump (3) of the 
semiconductor element (1) faces the wiring pattern (6) to which the bump 
(3) is to be bonded. 
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Also, that one suction nozzle (23) is driven downward in a 
protruding manner so as to allow the bump (3) of the semiconductor 
element (1) to contact the anisotropic conductive film (7) pasted on the 
wiring pattern (6) . As the suction force is released in this state, 
since the upper surface of the anisotropic conductive film (7) has an 
adhesive force, the semiconductor element (1) is tacked onto the 
substrate (5) . 

On the other hand, in parallel to the operation described above, 
the pickup nozzle (17) supplies the next semiconductor element (1) to 
position A. This semiconductor element (1) is suction-held by the other 
suction nozzle (23) , and by performing the same operation performed by 
the aforementioned one suction nozzle (23) , this semiconductor element 

(1) is mounted at the other position on the substrate (5) . 

By alternately repeating the operation by one suction nozzle (23) 
and by the other suction nozzle (23) , plural semiconductor elements 

(1...) are sequentially tacked onto the substrate (5) via the 
anisotropic conductive film (7) . In this way, the tacking process is 
completed. The substrate (5) for which tacking processing is completed 
is then conveyed to the bonding stage (11) by the substrate conveying 
device (12) , and is positioned to the predetermined position. 

A bonding head (25) , with which plural semiconductor elements 

(1...) tacked on the substrate (5) are collectively bonded, is installed 
above this bonding stage (11) in a manner freely movable in the vertical 
direction. The lower end surface of this bonding head (25) is a flat 
pressing surface (25a) with which pressure can be applied so as to bond 
the plural semiconductor elements (1...) at once. 
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Furthermore, a heater (27) which heats this bonding head is buried 
in the lower end part of this bonding head (25) . This heater (27) is 
connected to the control part (28) , and is operated according to the 
output signal from this control part (28) . 

Furthermore, a temperature sensor (29) , with which the temperature 
of the bonding head (25) is measured, is installed at the lower end part 
of the bonding head (25) . This temperature sensor (29) is connected to 
the temperature detecting part (3 0) to detect the temperature in the 
bonding head (25) . The temperature detection signal is input into the 
aforementioned control part (28) . 

In other words, as a detection signal is input from the temperature 
detecting part (30) , the control part (28) operates the heater (27) 
according to this detection signal. In this way, the heater (27) is 
operated so as to maintain the temperature at the lower end part of the 
bonding head (25) to a level most suitable for the hardening of the 
aforementioned anisotropic conductive film (7) (e.g., 190°C) . 

As the lower end part of the bonding head (25) is maintained at 
190°C, the bonding head (25) is driven downward and presses the plural 
semiconductor elements (1...) in the direction of the aforementioned 
substrate (5) with a certain pressure. This state is held for a period 
of time (e.g., 30 seconds) needed for the hardening of the anisotropic 
conductive film (7) . In this way, the aforementioned bump (3) and the 
wiring pattern (6) are electrically connected via the anisotropic 
conductive film (7) . 

Thirty seconds later, heating by the aforementioned heater (27) is 
stopped, and the substrate (5) and the semiconductor elements (1...) are 
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cooled naturally. During this period, the bonding head (25) continues to 
press the semiconductor elements (1...) against the substrate (5). When 
the temperature of the bonding head (25) is lowered to approximately 
100°C or lower, the bonding head (25) is lifted. In this way, bonding 
processing wherein plural semiconductor elements (1...) are bonded onto 
a substrate is completed. 

According to this constitution, anisotropic conductive film (7) is 
collectively hardened after plural semiconductor elements (1...) are 
tacked onto a substrate (5) (rather than respectively hardening the 
anisotropic conductive film (7) for each individual semiconductor 
element (1)). Thus, the bonding time can be shortened. For instance, the 
time needed to mount four ICs (semiconductor elements (1) ) on a 
substrate is compared with that needed using the conventional method. 

As an example, the following conditions are set for calculation. 
Namely, IC conveying time is a seconds, substrate loading time is b 
seconds, unloading time is c seconds, IC alignment time is d seconds, 
and bonding head vertical operating time is e seconds. In addition, the 
time needed for the hardening of the anisotropic conductive film is 30 
seconds. Then, according to the conventional method, the bonding time T 
is : 

T = (a X 4) + b + c + (d X 4) + (e x 4) + (30 x 4) 
According to the invented method, the bonding time T is: 

T = (a X 4) + (b X 2) + (c X 2) + (d x 4) + (e x 6) +30 
The difference is: 

90 - (b + c) - 2 X e (seconds) 
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If both b and c are 5 seconds, and e is 1 second, then: 



90 - (5 + 5) - 2 



1 = 78 seconds 



Thus, compared to the conventional method, the bonding time is 78 
seconds faster with the invented method. 

In terms of one semiconductor element, this means that it is 78/4 
= 19.5 seconds faster per one semiconductor element. Accordingly, it can 
be said that throughput is higher according to the invented 
semiconductor element mounting method as compared to the conventional 
method . 

Furthermore, according to the constitution described above, after 
the anisotropic conductive film (7) is hardened by heating, a pressing 
condition is maintained until the temperature of the semiconductor 
element (1) and the substrate (5) is lowered to a prescribed temperature 
level (100°C or lower) (instead of immediately lifting the bonding head 
(25) ) . Thus, even when residual stress is generated in the anisotropic 
conductive film (7) caused by the difference in contraction quantity of 
the substrate (5) and the semiconductor element (1) due to cooling, the 
semiconductor element (1) can be prevented from floating from the 
substrate (5) . Accordingly, the occurrence of a defective conduction 
caused by the separation of the bump (3) and the wiring pattern (6) can 
be effectively prevented. Furthermore, this invented method can be 
modified in many different ways within the range claimed in this 
invention. For example, the tacking stage (10) and the bonding stage 
(11) can be assembled into one unit, or can be installed separately. 

Furthermore, in the working example described above, after the 
anisotropic conductive film (7) is hardened, a pressing state is 



11 




maintained for a certain period of time. Alternatively, after the 
anisotropic conductive film (7) is hardened, the bonding head (25) can 
be lifted immediately to release the pressing state. 

Furthermore, in the working example described above, the hardening 
temperature of the anisotropic conductive film (7) is set to be 190°C. 
However, it can be changed depending on the characteristics of the 
anisotropic conductive film (7) . Furthermore, in the working example, 
the hardening time is set to be 30 seconds. However, this hardening time 
can also be changed depending on the characteristics of the anisotropic 
conductive film (7) . For instance, it can be set to be 60 seconds. 

In addition, in the working example described above, the 
temperature at which the pressing state is to be released is set to be 
10 0°C or lower. This temperature can be changed depending on the 
environmental temperature and the residual heat temperature of the 
substrate (5) . 

Furthermore, in the working example described above, the 
aforementioned flipping device (19) is used for tacking the 
semiconductor element (1) onto the substrate (5) . It is, however, not 
limited to this kind of flipping device (19) . Any kind of device with 
which a semiconductor element (1) can be tacked onto the substrate (5) 
in the state in which the element loading face is facing downward can be 
used. 

In addition, in the working example described above, a flipping 
device (19) with which plural semiconductor elements are flipped one by 
one is used. Alternatively, a flipping device with which plural 
semiconductor elements can be flipped all at once to have them 
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collectively tacked onto the substrate can be used. 
(Effects of the invention) 

As explained above, according to the invented semiconductor element 
mounting method, after plural semiconductor elements are tacked onto the 
prescribed position of the substrate via the anisotropic conductive 
film, these plural semiconductor elements are collectively heated and 
pressed against the substrate. In this way, the bump of the 
semiconductor element and the wiring pattern on the substrate can be 
electrically connected. 

According to such a constitution, with regard to plural 
semiconductor elements, the work for the hardening of the anisotropic 
conductive film can be done in one operation. Thus, the working process 
can be simplified, and throughput of the mounting process can be 
increased. 



Brief Explanation of the Figures 

Figure 1 is a brief constitutional diagram showing a working 
example of this invention. 

Figure 2 is a side cross-sectional diagram showing the mounting 
structure according to a general flip chip method using anisotropic 
conductive film. 
(Symbols) 

1 ... semiconductor element, 5 ... substrate, 6... wiring pattern, 
7 .. .anisotropic conductive film, 10... tacking stage, 11... bonding stage, 
19 ... flipping device, 25... bonding head, 27... heater 
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Figure 1 
< : a 

1: semiconductor element 
5: substrate 

7: anisotropic conductive film 

10 : tacking stage 

11 : bonding stage 

25: bonding head 

27 : heater 

28: control part 

30: temperature detecting part 




Figure 
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